Background Childhood aggressive antisocial behavior (CD) is one of the strongest predictors of mental health problems and criminal behavior in adulthood.
Introduction
Aggressive and antisocial behavior in children and young adults is one of the strongest predictor of mental health problems and criminal behavior in adulthood (e.g. Temperament is regarded as a set of biologically determined dispositions in terms of basic emotional drives and reaction patterns to stimuli, in Cloninger's model described in four dimensions which are: Novelty Seeking; Harm Avoidance; Reward Dependence and Persistence. Character traits, on the other hand, describe individual differences in higher cognitive processes reflecting a person's style of mental selfgovernment ( [24, 25] Cloninger 1994a, 1994b) and were originally assumed to develop in interaction with the environment by learning. The three dimensions in the Cloninger model that capture this aspect of personality are: Self-Directedness; Cooperativeness and Self-Transcendence.
Temperament and character in developmental psychopathology
Several studies have investigated dimensions of temperament and character in young individuals with ADHD and/or ASD using the Junior Temperament and Character Inventory (J-TCI), which is based on Cloninger's model. A frequent finding is that children with ADHD, compared to typically developed children, show higher scores on Novelty Seeking, children with ASD report higher scores on Harm Avoidance, while a common profile in both ADHD and ASD show lower scores on [33] found that high Novelty Seeking was the best predictor of a lifetime diagnosis of ADHD compared with other temperament and character variables. The kind of personality profile that is coupled with aggressive behavior is not as widely studied as personality profiles associated with different neurodevelopmental disorder in children. [26] found that Novelty Seeking and Persistence discriminated between children, aged 7 to 11, with ADHD and a clinical non-ADHD comparison group, but there were highly significant covariate effects of ODD/CD in terms of Novelty Seeking and Cooperativeness. Kim and colleagues (2006) [35] detected a strong link between aggressive and delinquent behaviors in adolescents (aged 13.3±0.9 years), as measured by a self-report scale, and high scores in Novelty Seeking and Harm Avoidance combined with low scores in Self-Directedness and Cooperativeness and high scores in Self-Transcendence. The same research group . According to our knowledge no study has yet concentrated on the association between aggression and character in children and adolescents.
Aims:
The present study sought to: (J-TCI), described in detail below, was sent to parents of twins in whom at least one twin screened positive for ASD, ADHD, CD, ODD, tics disorder, eating disorder, developmental coordination disorder, or learning disabilities but also to parents of age-and sex-matched random control pairs, representing about 5% of the total population. This questionnaire sub-study of CATSS was piloted in the total population during the first months of the CATSS (where 380 parents were contacted, of whom 196 returned complete answers) resulting in data on 392 twins (see detailed description of these pilot studies and the questionnaire sub-study in ( [41] Anckarsäter et al, 2011). The overall response rate was 80% for the CATSS telephone interview, 60% for the CATSS follow-up questionnaire and 54% for the pilot studies ( [41] Anckarsäter et al, 2011). Data for the present paper were drawn from the database in January 2010. At that point data were collected from 1065 questionnaires concerning 2130 children, representing 649 screen-positive twins, 455 negative co-twins, and 692 controls, including those (n=392) from the two pilot studies. In the present study, 244 children were excluded due to incomplete data, leaving 1886 children as the final study population, with a close to equal distribution of genders (55% boys and 45% girls) and ages (59% were 9 years old, 41% were 12 years old).
Methods

Subjects
Instruments
Autism-Tics, AD/HD and other Comorbidities inventory
In CATSS parents respond to the Autism -Tics, ADHD and other 
Junior Temperament and Character Inventory
The All participants with more than 5% missing items on the J-TCI were excluded from the dataset. The dichotomous item construct of the J-TCI can be considered an advantage that may help to find the relevant answer, as responses in a Likert scale have a tendency to show a "regression to the mean".
Statistical Analyses
Non-parametric Spearman's coefficients were calculated to measure the correlation between CD scores and scores on each of the seven dimensions of J-TCI.
The prevalence of children with "normal", "low" and "very low" character maturity (Self-Directedness and Cooperativeness) was defined with the help of Tscores. Using scores on those 691 individuals who represents the general population of 9 or 12-year-old Swedish children (366 children from the pilot studies and 325 children who were randomly selected from the general population as controls during the CATSS-questionnaires study) mean and standard deviations (SD) for each dimension of the J-TCI were calculated and then used to transform scores of each study subjects into T-scores. Normal character maturity was defined as a score between -1SD and +1SD on the sum of raw points on Self-Directedness and Cooperativeness, in other words as a T-score between 40 and 60. Low character maturity was defined as a T-score between 30 and 39, and very low character maturity was assigned to children with T-scores lower than 29.
Binary logistic regression models fitted to generalized estimated equation (GEE) -which can take the statistical dependence within twin pairs into consideration -were used to estimate the association between the dependent variable (CD) and the independent variables, ODD, activity/impulsiveness and attention (ADHD dyad) and social interaction, flexibility, and language (ASD triad), SD and CO as covariates, and age and gender as cofactors. First, univariable models were applied to study the separate effects of independent variables on CD; then multivariable models were used to investigate the effects of coexisting independent variables (ODD, activity/impulsiveness and attention problems, social interaction problems, inflexibility, language problems and character maturity (SD and CO)) on CD. All the tests were two-tailed and conducted with 5% significance level using SPSS version 20 (IBM).
Ethical Consideration
The study was designed in accordance with the Helsinki declaration and approved by the ethical review board of Karolinska Institutet (register # 02-289 and 2010/597-31/1). All analyses were performed using anonymized data files.
Results
Correlations between child aggressive behavior and dimensions of J-TCI
Correlation coefficients between the J-TCI dimensions and CD scores were all, except Self-Transcendence significant. While the association between CD and Harm-Avoidance, Self-Transcendence (positive), Reward-Dependence and Persistence (negative) was week, children's aggressive antisocial behavior was moderate strongly (/r/ > 0.30) associated with Novelty Seeking (positive) and with the character dimensions Self-Directedness and Cooperativeness (negative) (Figure 1 ).
Figure 1 here
Character maturity in children with neurodevelopmental and/or oppositional defiant behavioral problems
In the control subpopulation (n=1281) over 80% of the children had normal character maturity and less than 20% were characterized as low or very low in character maturity, suggesting significant differences in the prevalence of very low, low and normal character maturity within this group of children (p<0.001) ( Table 1 ).
In the subpopulation of "ODD only" (n=47) about half of the children had normal and the remains of the group had low or very low character maturity (Table   1) . A similar picture was found in the subpopulation of children with "NDP only" (n=413), where somewhat less than half of the children had normal character maturity (Table 1 ). In those children who had been screened both for behavioral and neurodevelopmental problems (ODD+NDP) (n=143) only one third of children had normal character maturity ( Figure 2 and Table 1 ). Table 2 . The prevalence of CD was less than 4% (3.7%; n=70), and it was nearly equally distributed among boys and girls (1.20:1.00) and between 9 and 12 years old children (1.45:1.00). While younger age and male gender somewhat increased the probability of the presence of a CD diagnosis, no significant association was found (Table 3 ). Both facets of ADHD (inattention and activity/impulsiveness) and all three facets of ASD (flexibility-, social interaction-and language problems) significantly increased the risk (odds) for CD, while higher scores on the character maturity dimensions of J-TCI (Self-Directedness and Cooperativeness) significantly decreased the probability that a child had co-existing CD (Table 3 ). In the univariate model each predictor was significantly associated with CD, the strongest association was found for ODD (OR=3.01), social interaction problems (OR=2.30), and flexibility problems (OR=1.96), while Self-Directedness and Cooperativeness were the only variables that showed a negative association with CD (OR=0.93 and OR=0.94, respectively). In the multivariate model only significant variables were included (no age and gender) and their main effect was calculated. ODD, impulsivity, inattention and social interaction problems kept their positive association with aggressive behavior, while language problems, inflexibility and character maturity dimensions (Self-Directedness and Cooperativeness) protected children from a concomitant CD diagnosis. However, only ODD, impulsivity and Self-Directedness reached a statistically significant association with CD in the multivariable model (Table 3) . 
Figure 2 here
Discussion
In the present study, we examined the association between child aggressive antisocial behavior and the temperament and character dimensions according to The positive association between Harm Avoidance, which measures introvert behavior, shyness, fearfulness, excessive worrying, and highly associated to neuroticism, and CD, was not as strong as in the study by Kim and others (2006) [35] .
However, that study used an older group, which could explain the discrepancy, since ). However, they also found low HA to be significantly correlated with aggression and delinquency, which confirms the need of further studies to disentangle the relationship between these two domains.
As anticipated, the measures of Self-Directedness and Cooperativeness showed the strongest negative relations to aggressive behavior. Low SelfDirectedness and Cooperativeness reflect a lacking sense of responsibility, low selfcontrol, and deficits in social skills such as tolerance to others, empathy, and the ability to be helpful and compassionate and these finding illustrate the clear association between disruptive behavior in young persons and the inability to influence one´s own behavior and interpersonal skills ( Together, these results suggest that a mature character (the willpower, the capacity to achieve personally chosen goals and the ability to adapt, integrate and work together with others) in children and adults can be an important protective factor -even in the presence of mental ill-health -to progress into persistent negative outcomes, such as aggressive antisocial behaviors.
Strength and Limitations
The present study analyzed data from a nation-wide population of 9 or 12 years old children. To work with data from the general population is important, since the results are highly generalizable. However, the low prevalence of the targeted problems in the general population resulted in small numbers of children in the specific subgroups of this study (e.g.: ODD only n=47, CD n=70).
Another limitation of our study is that all information about the children was ). This limitation together with the fact that we have used cutoffs with low sensitivity, but very high specificity to select for children with CD and ODD, could carry a risk of an underestimation of the prevalence of behavior problems in our study population. In the prediction model (logistic regression), we have used the general estimated equation to balance a possible bias between independent and dependent variables of twin-pairs.
Conclusion and Clinical Implications
The confirmation of the link between character immaturity and aggression, independent of neurodevelopmental problems, in a young population is very 
